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lNTRODUCTION 
A systemic type of mixoploid barley mutant named “minute" was 
first found in 1947 in a Japanese cultivar， Kairyo Bozu. It was extremely 
dwarf and has never produced ear. The mi玄oploidcondi tion was shown 
to have resulted from incomplete formation of cell walls after nuc1ear 
division， which led to the production of polyploid cells， ranging from 4x 
to ca. 30x， besides 2x cells. Genetic analysis has indicated that the 
mutant character is controlled by a recessive gene min accompanied 
with its enhancer en-min (Takahashi et al. 1955，1959). The same authors 
isolated a number of semi-minute， mixoploid strains from the progeny 
of a cross between Kairyo Bozu heterozygous for min and a hooded 
cultivar， Colsess. The" semi-minute" plant was much taller than the 
“minute" and could produce heads and seeds. The polyploid level in 
this plant varied in general from 2x to 8x in root tip cels. Takahashi 
et al. (1959) indicated that the semi-minute character was governed by 
a single recessive gene min which is located on chromosome 4. 
Studies on meiosis in the semi-minute plant indicated that al the 
PMC's were diploid， forming 7 bivalents at the metaphase. However， 
at the anaphase and telophase of 1 and 1 divisions， abnormal formation 
of cell walls was observed in as many as 30 to 40 % of the cells， which 
resulted in malformed spores， monads， and also part1y connected dyads. 
As the result， large and small pollen grains were produced. So， the 
authors inferred that the large sized pollen grains might be diploid， but 
no further investigation was made to determine whether they were func-
tional or not. Therefore， this problem was approached in this study 
which involved investigation of the progeny of the cross between a 
semi-minute plant and a tetraploid barley， and also a further detai1ed 
study of meiosis of these parental varieties. 
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MATERIALS AND METHODS 
A mixoploid strain called SM 5-1B was selected as the representative 
of semi-minute type and used in this study throughout， because this 
strain possessed， besides min， a dominant gene K for hooded lemma ap-
pendages which would faci1itate in identifying the successful hybridization 
when the strain is used as the pollen parent and mated to a long-awned 
form. As the female parent， a long-awned， two-rowed tetraploid strain， 
Wase Golden 4x， was used. 
Seeds obtained from a Wase Golden (4x) x SM 5・lBcross were c1as-
sified according to the shape， size and weight， and they were separately 
sown on filter paper set in Petri dishes and wet with deionized water. 
After collecting root tips， the seedlings were transplanted into paper 
pots containing a 2: 1 soi1 and vermiculite mi玄ture，and some time later， 
the seedlings were again transplanted into the field. Sporocytes from 
parents and F1 plants were collected into 3: 1 alcohol-acetic acid solution 
and preserved in 70 % ethanol. Slides were prepared using 2 % aceto-
carmine stain. Pollen stainabi1ity was observed in 2 % iodine solution 
(2 g iodine + 4 g potassium-iodine + 100 ml deionized water). Size of 
pollen grains was measured with the help of a micrometer. 
RESUL TS AND DISCUSSION 
1. On the F1 hybrid between Wase Golden (4x) and Semi-minute SM 5・lB
(1) Characteristics of Seeds and Seedlings 
The seeds obtained from the cross， Wase Golden (4x) x SM 5・lB，
varied markedly in appearance and they could roughly be c1assified into 
the following four groups: 
A: Plump， well-developed and appears quite normal. 
B: Medium in seed size， endosperm small， but not shrivelled. Em-
bryo normal size. 
C: Smaller and thinner than B. Both embryo and endosperm under-
developed， shrivelled and wrinkled. 
D: Very small， and appears an unferti1ized and dried-up ovary. 
T ABLE 1. Characteristics of the seeds and seedlings of the hybrid 
between Wase Golden (4司 andSM 5-1B (mixoploid) 
Seed Mean No.of Germi- Survival Seminal Colelenogpth ile 
slze weight seeds nation number roots 
c1ass (mg) く%) number (cm) 
A (1arge) 31. 3 21 85.7 17 6.7土0.14 3. 12土0.18
B (medium) 7.0 321 96.6 284 3.5土0.04 2.24土0.04
C (smal1) 2.5 248 24.6 40 3.4土0.33 2.01土0.10
D (tiny) 0.6 419 
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As shown in Table 1， number of seeds in class A was only 21， while 
those in classes， B， C and D were as many as 321， 248 and 419， re-
spectively. Seeds in classes A and B germinated normally， but only 16 % 
of the seeds in class C could germinate and survive. Not a single seed 
in class D proved to be viable. 
(2) Variation in Chromosome Numbers Among the F1 Seedlings 
Cytological examination was made of the root tips taken from a 
total of 389 F1 seedlings. Table 2 shows the results. Tetraploids and 
TABLE 2. Frequencies of euploid and aneuploid plants in seed size 
classes， A， B and C. Respective percentage is shown in italic 
Seed No.of Number and percentage of euploids and aneuploids indicated 
tpe lants Slze 
c1as sted 4x 4x+l 4x-l 3x 3x+2 3x+l 3x-l 3x-2 
A 18 11 2 。 2 。 1 2 。
61.1 1.1 1.1 5.6 11.1 
B 310 。 。 281 。 7 20 l 
0.3 90.6 2.3 6.5 0.3 
C 61 。 。 。 47 l 7 5 
77.1 1.6 1.5 8.2 1.6 
Total 389 1 2 1 30 l 15 27 2 
2.8 0.5 0.3 84.8 0.3 3.9 6.9 0.5 
hyper-and hypo-tetraploids were found most1y in class A， the frequency 
in total number of seedlings tested being 3. 6 %. These are considered 
to be resulted from fertilization with viable diploid pollens produced by 
the semi-minute parent， SM 5・1B. The majority parts of the seedlings 
were triploids or hyper-or hypo-triploid， which were derived， with five 
exceptions， from the light-weighted seed classes， B and C. It is of some 
interest to note that the frequency of aneuploids was more than two 
times higher in class C than in class B， which may suggest that the 
lighter seeds are liable to give rise to a high percentage of an~uploid. 
2. Gametogenesis in Semi-minute Plant SM 5-1B 
(1) Meiosis 
Prophase 1 was normal. A total of 807 PMC's examined at diakinesis， 
showed 7 bivalents without exception. At MI， 14 chromosom.es were 
observed in al of the 2095 PMC's. The majority of them formed 7 
bivalents， though 6II+ 21 configuration was observed in a few cels. 
Normal separation of chromosomes was seen in almost al of the 1734 
PMC's at their anaphase 1， with such rare exceptional abnormalities as 
8-6 separation， lagging chromosomes， and bridges. All of the anaphase 
cells were found to have 14 chromosomes. 
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Situation at telophase 1 was quite di旺erent. Various degrees of 
abnormal cell wall formation from entire to slight fai1ure of cel walls 
were observed. Examination of late anaphase I and telophase I cells 
with countable chromosomes disc10sed variations as such: Dyads con-
tained either a single nuc1eus of 14 chromosomes in each cell or one 14・
chromosome nuc1eus in one cel and two nuc1ei of 7 chromosomes in the 
other cel1. In the case of triads， 14 chromosomes were found in one 
cell， whi1e 7 chromosomes were found in each of the two other cels. 
Also， there were found four nuc1eate monads with 7 chromosomes in 
each nuc1eus which were occurred due to fai1ure of cell wall formation 
at both of the meiotic divisions. 
Finally， records taken of 1264 cells at tetrad stage after telophase 
I are summarized and given in Table 3. Among various types of ab-
normalities， most frequent were triads， which was followed by dyads， 
a 
b 
• 、
c 
e 
K: 
f 
FIG. 1. Various types of abnormal cells at the tetrad stage of a 
semi-minute plant， SM 5・lB.
a: dyad， b: dyad with binucleate cells (double arrow) and 
triad with one binucleate cell and two uninucleate cells (single 
arrow)， c: triad-one binucleate cell due to incomplete cell 
wall formation， d: triad-one binucleate cell due to failure of 
cell wall formation， e: triad-one cell with a large nucleus 
(incomplete cell wall)， other two uninucleate cells， f: tetrad 
of two large and two small spores. 
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monads， and finally by unequal cells of tetrad and abnormal shapes of 
tetrad. Dyads were of three types: (1) each cell of the dyad containing 
a single large nuc1eus (Fig. 1a)， (2) one cell with a single large nuc1eus 
and the other cell binuc1eate， (3) both cells binuc1eate (Fig. 1b). Triads 
were of two types: (1) one cell binuc1eate and the other two cells 
uninuc1eate， al the nuc1ei being of normal size (Fig. 1b， c， d)， (2) one 
cell with a large nuc1eus whi1e the other two cells with small normal 
nuc1eus in each (Fig. 1e). Some of the tetrads consisted of two large 
and two small sized spores (Fig. lf). These were found to be formed 
due to unequal division of the cell in the first meiotic division. ln a 
few cases， cell wall formation at telophase 1 was incomplete which caused 
the incorporation of the nuc1ei of the two cells into one after anaphase 
11. Besides these， some deformed shapes of tetrads were also observed 
where the cell walls were oblique and incomplete. 
Considering that the binuc1eate cells would possibly produce 2x pol-
len by fusion of two nuc1ei， and the large sized nuc1ei of dyads and 
triads were already 2x， the expected frequency of diploid pollen should 
be around 3 per cent as is shown in Table 3. 
(2) Pollen Grains 
Among the pollen grains produced by the mixoploid SM 5・1Blarge， 
medium and small sized ones were distinguishable， the frequencies being 
2.9%， 85.5% and 11. 6 %， respectively， in a total of 1526 pollen grains 
observed‘ Pollen stainability was 100 % for large and 88.9% for medium 
grains， whi1e the small pollen grains were unstainable. Diameter of these 
pollen grains were compared with those from some other diploid and 
tetraploid plants (Table 4). It is evident from Table 4 that diploid and 
haploid pollen grains differ considerably in diameter. The comparison 
of pollen size suggested that the large and medium sized pollen grains 
TABLE 4. Comparison of size of pollen grains taken from diploid 
and tetraploid plants， and those from SM 5・1B
Ploidy of Diameter of Plants pollen c. v. pollen 
(μ〉
Hosogara 2x X 43.00土0.65 5.89 
Hosogara 4x 2x 53.33土1.25 9.14 
Wase Golden 4x 2x 54.00土1.0 7.17 
Al (WG 4x x SM 5・1B)4x 2x 53.66土1.03 7.44 
A7( 1 ) 4x 2x 52.00土1.17 8.75 
Bt [Large pollen 53.00土0.67 5.64 
SM 5・1BiMedium pollen 40.75土0.65 7.20 
Small pollen 22.00土1.52 21. 95 
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produced by SM 5・1Bwere diploid and haploid， respectively. 
Based on the findings stated above， itis possible to conc1ude that 
the mixoploid mutant SM 5・1Bproduces apporoximately 3 % of diploid 
pollen grains which are functiona1. 
A number of aneuploids in a Wase Golden (4x) x SM 5・1Bcross 
might be resulted from the fertilization of aneuploid female gametes 
with normal male gametes. This is because unequal separation of 
chromosomes and laggards were often observed at AI in PMC's of Wase 
Golden (4x)， which suggested the possibility of aneuploid egg production， 
whereas aneuploid pollen， ifany， were non-functiona1. 
Genetically controlled mixoploidy and diploid pol1en formations have 
been reported in other plants such as maize (Beadle 1932)， Datura 
(Satina and Blakeslee 1935)， Lycopersicon (Clayberg 1959) and bar1ey 
(Smith 1942). However， the gene causing mixoploidy in the sporocytes 
of these plants did not infiuence the somatic cells which were always 
diploid. In contrast， the mixoploidy conditioned by the gene min is cer-
tainly of a systemic type， so this may be said to be unique in this sense. 
SUMMARY 
A cytogenetic study was made of a systemic type of mixoploid bar1ey 
mutant called “semi-minute "， which was known to be governed by a 
recessive gene min. When crossed with a tetraploid bar1ey Wase Golden， 
one of the “semi-minute" strain， SM 5・1B，produced 14 or 3. 6 % of 
tetraploids or hy戸r-and hypo-tetraploids among a total of 389 Fl plants 
(Table 2). Meiotic study invariably showed the presence of diploid 
PMC's. At meiotic telophases， incomplete to complete fai1ure of cel wall 
formation was observed， leading to the occurrence of various ty伊sof 
abnormalities such as triads， dyads， monads and binuc1eate cel1s. Among 
the pollen grains produced by SM 5-1B， large， medium and small pollens 
were present; the large and medium ones were comparable to the pol-
lens produced by tetraploid and diploid plants， respectively. From the 
results of this study， itwas conc1uded that: (i) the mixoploid plant 
SM 5・1Bproduces 2x pollen， (ii) the frequency of 2x pollen produced 
is about 3%， (iii) these diploid pollen grains are functional and (iv) the 
mechanism of 2x pollen production involves the fusion of haploid nuc1ei 
caused by the failure of cel wall formation during meiosis. 
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